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Introduction Syllabus

Syllabus and helpful information

• Textbook

• Course outline

• Marking

• Attendance
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Introduction Definition

Definition

• What is a Differential Equation (DE)?
An equation that contains derivative(s) of unknown function.

y ′′+2y ′ = 3y (1)

• Why is it important to solve one?
They are really helpful for modeling and understanding how things
work.
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Introduction Examples

DEs in engineering

• Failing stone
y ′′ = g

• Skydiving
mv ′ =mg −bv2

• Vibrating mass on a spring

my ′′+ky = 0

• Current I in an RCL circuit

LI ′′+RI ′+
1

C
I = E ′

• Deformation on a beam

EIy IV = f (x)

• Pendulum
Lθ

′′+gsinθ = 0
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Introduction Examples

DEs in life
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Introduction Types

Types of DE

• Ordinary Differential Equation (ODE): has one or several derivatives
of an unknown function of a single variable.

I y ′ = cosx

II y ′′+9y = e−2x

III y ′y ′′′− 3
2y

′2+5 = 0

• Partial Differential Equation (PDE): involves partial derivatives of an
unknown function of two or more variables.
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Introduction Types

Types of DE

• Ordinary Differential Equation (ODE): has one or several derivatives
of an unknown function of a single variable.

• Partial Differential Equation (PDE): involves partial derivatives of an
unknown function of two or more variables.

∂ 2u

∂x2
+

∂ 2u

∂y2
= 0

PDEs>ODEs
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Introduction Linear - Nonlinear

Linear DEs

The most general linear ODE of the nth order is:

dny

dxn
+a0(x)

dn−1y

dxn−1
+ ...+an−1(x)

dy

dx
+an(x)y = h(x) (2)

No power or no product of dependent variable(s) or derivative(s).
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Introduction Linear - Nonlinear

Linear DEs

• No power or no product of dependent variable(s) or derivative(s).

I
d2y
dx2

+5dy
dx +6y2 = 0

II
d2y
dx2

+5
(
dy
dx

)3
+6y = 0

III
d2y
dx2

+5y dy
dx +6y = 0

IV

(
d2y
dx2

)2
= ∂2y

∂x2

I
d2y
dx2

+5dy
dx +6y2 = 0

II
d2y
dx2

+5
(
dy
dx

)3
+6y = 0

III
d2y
dx2

+5y dy
dx +6y = 0

IV

(
d2y
dx2

)2
= ∂2y

∂x2

Nonlinear DEs
• Linear DEs

I
d2y
dx2

+5dy
dx +6y = 0 (Constant coefficients)

II
d4y
dx4

+ x2 d
3y

dx3
+ x3 dydx = xex (Variable coefficients)
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Introduction Analytical methods

• Solutions: Function(s), not a value or set of values

• Analytical solutions → a certain group of DEs

• Fast and more sophisticated
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